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S
troke is one of the most common causes of disability among adults worldwide. The distribution of stroke greatly varies among countries and over time, for reasons that are not well understood. A systematic review of population-based studies from 1970 to 2008 showed a 42% decrease in stroke incidence in high-income countries and >100% increase in stroke incidence in low-to middle-income countries, 1 but incidence trends in Europe have not been uniform. [2] [3] [4] [5] [6] [7] In Sweden, hospitalization for stroke increased between 1989 and 2000 5 among people aged 30 to 65 years. A recent study from the Netherlands demonstrated a marked decline in ischemic stroke (IS) mortality from 1987 to 2005, but a stable or slightly increased incidence of stroke. 6 Trends toward increasing stroke incidence at younger ages in the United States have also been reported. 7 This study aimed to investigate continuing trends in the incidence of stroke in Sweden until 2010, to extend investigations to subjects aged >65 years and ≤84 years, and specifically investigate trends for IS.
Methods

Study Setting
Sweden has a universal healthcare system, with some healthcare facilities privately run, but still fully integrated into the healthcare system. The Swedish National Inpatient Register (IPR), established in 1964, 8 has complete national coverage since 1987. Diagnoses in the IPR are coded according to the Swedish International Classification of Diseases (ICD) system (ICD 8th revision until 1986, ICD 9th revision until 1996, and ICD 10th revision thereafter). For the purpose of the present study, data from the IPR and the cause-specific death register were linked through personal identity numbers, unique for all Swedish citizens. Current data suggest that the overall positive predictive values of diagnoses in the register are ≈85% to 95%. 8 
Study Cohort
We included all patients aged 18 to 84 years who were discharged with a first-time discharge diagnosis of IS during 1987-2010 or who died outside hospital with a diagnosis of IS. All admissions or deaths associated with a primary diagnosis of 434 or 436 (ICD-8 and -9) and I63 or I64 (ICD-10) were defined as IS. Neuroimaging (computerized tomographic scans) was standard in suspected stroke cases throughout the study period. To avoid possible underdetection bias for the first years of the study, an IS 7 years after a prior IS was treated as a first stroke to ensure that data on hospitalizations for each separate year from 1987 to 2010 were treated as uniformly as possible. Data from 1980 to 1986 were available for ≥80% of the population. Comorbidities were defined by the following discharge codes during the preceding 7 years and included the index of hospitalization as follows: diabetes mellitus: 250 (ICD-8 and ICD-9), E10, E11, E14 (ICD-10); hypertension: 401 to 405 (ICD-8 and 9), I10 to I15 (ICD-10); Background and Purpose-The incidence of stroke in Sweden increased between 1989 and 2000 among people aged ≤65
years, but more recent data on those aged >65 years are lacking. 
Methods-Through
Ethics
For confidentiality, all personal identity numbers were replaced by codes. The protocol was approved by the regional Ethics Board of Gothenburg.
Statistical Analyses
Age-standardized incidence rates per 100 000 person-years and 95% confidence intervals were calculated using direct standardization, with the 2010 Swedish population used as the standard. Descriptive statistics were applied to summarize the prevalence of comorbidity within the identified population. Cochran-Armitage trend tests were used to assess trends in 1-year mortality.
We used joinpoint regression to analyze changes in incidence and mortality over time. This method estimates trends for rates expressed as annual percentage changes (APCs) over time intervals and then attempts to identify the specific time points where significant changes in these trends (APCs) occurred (Joinpoint Regression Program, version 3.3.1; Statistical Research and Applications Branch, National Cancer Institute). The age-standardized annual rates were fitted in a log-linear autoregressive model, and the number of possible joinpoints was set between 0 and 3. The variance of the standardized rates was estimated according to the fact that these are the weighted sum of Poisson variables. For each estimate of mean APC, 95% confidence intervals were calculated.
Results
Demographics and Comorbidities
Of the 391 081 incident cases of IS in people aged between 18 and 84 years that we identified, 46.6% were women, and the mean age was 72.5 years, with 1.6% aged 18 to 44 years, 16.7% aged 45 to 64 years, and 81.7% aged 65 to 84 years (Table 1 ; Table I in the online-only Data Supplement). The mean age decreased from 73.0 years in 1987-1992 to 71.7 years in 2005-2010 (P<0.0001). Although changes were highly significant because of the large number of cases, the overall change in the percentage of patients with acute myocardial infarction (overall, 13.2%) or any ischemic heart disease (23.7%) was small. The proportion of patients with diabetes mellitus slightly increased from 16.9% to 19.0% from the first to the last 6-year period, whereas the proportion of those with a registered diagnosis of hypertension markedly increased from 19.1% to 50.7%. Atrial fibrillation and malignancy increased by ≈40% and were registered as 21.9% for atrial fibrillation and 12.4% for malignancy in the last 6-year period. Age-specific comorbidities are shown in Table I in the online-only Data Supplement. Table 2 shows the trends in incidence and 1-year case-fatality of IS during four 6-year periods by 5 age groups in men and women. In people aged 18 to 44 years, there was a continuous increase in the incidence of IS from the first to the last 6-year period for men and women. For those aged 45 to 54 years, the incidence of IS increased from 51.3 to 61.4 per 100 000 person-years from the first to the second 6-year period and plateaued through the next period, with a slight decrease through the last period. The same pattern was evident among those aged 55 to 64 years, but among those aged ≥65 years, there was a distinct peak in the second period, in 1993-1998, after which rates started to markedly fall. The crude relative yearly changes are shown in Figure 1 . One-year case-fatality decreased markedly in all age groups, similar for men and women (Table II in the online-only Data Supplement).
Trends in the Incidence of IS During 1987-2010
Joinpoint Analyses
Joinpoint analyses (Table 3) confirmed the increasing IS incidence trend among those aged <45 years, with a calculated APC of +1.3% (95% confidence interval, 0.8-1.8) in men and +1.6% (95% confidence interval, 1.0-2.3) in women. A rapid fall during the first few years was observed among men and women aged 45 to 64 years, which was followed by an increase. However, after 1996, there was a slow but continuous and significant decrease of −0.4% (−0.7 to −0.1) in men and −0.6% (−1.0 to −0.2) in women. There seemed to be a rapid decrease in men aged 45 to 64 years in 2008-2010, but this was not significant. Rates in people aged 65 to 84 years decreased at first and then increased, but after 1998 (men) and 1997 (women), they decreased. In men, the APC was −3.7% (−4.0 to −3.4) until 2010 with no detectable joinpoint, but in women, an initial slower decline of −2.5% (−2.9 to −2.1) changed to a more rapid decline in 2005, with an APC of −5.1% (−5.8 to −4.4).
Mortality
Based on 64 518 deaths during the study period, ageadjusted mortality from IS was markedly decreased in men 
Discussion
During the 24-year period from 1987 to 2010 in Sweden, there was a marked decrease in the incidence of IS among people All P for trends in 1-y mortality <0.0001. aged 65 to 84 years starting in the mid-1990s. A decrease in the incidence of IS among middle-aged (45-64 years) people also started in the mid-1990s, but was considerably slower. In contrast, stroke rates among young people aged 18 to 44 years steadily increased by ≈1.5% throughout the study period. Mortality from IS decreased markedly in all age groups. In a previous analysis based on IPR data in men and women aged 30 to 65 years, the incidence of stroke in Sweden increased from 1989 to 2000, largely because an increase in IS, while hemorrhagic stroke (<20% of all stroke cases) remained stable. 5 Possible explanatory factors included increasing obesity, sedentary lifestyle, smoking, and heavy drinking, as well as a potentially increased detection of smaller strokes. A leveling off of stroke incidence rates in southern Sweden was reported in a study in 2001/2002, but this was based on comparatively few cases. 2 Using data from the IPR and death registries, Harmsen et al 3 analyzed trends in stroke incidence in Gothenburg from 1987 to 2006. In absolute rates, findings were similar to ours, with a decrease of 20% to 25% in IS among older people from 1995-1999 to [2005] [2006] . In the present study, we found a marked decrease in IS starting in the late 1990s, but only in people aged ≥65 years. However, given the steep increase in stroke incidence with age, this segment represents >4 of 5 cases in the population that we studied, with a substantial reduction in the annual number of cases.
Several studies have investigated national trends in stroke incidence and mortality. In the United Kingdom, the incidence of stroke decreased by 29% between 1999 and 2008, 9 coinciding with a marked increase in primary care prescription of primary and secondary cardiovascular disease prevention therapies. However, age-specific incidence rates were not reported. An increase in IS incidence of 20% and 33% in Dutch men and women aged 35 to 64 years between 1997 and 2005 was recently reported, 6 as well as no change in people aged ≥65 years. However, similar to our study, a steep decline in mortality was found. 6 Trends toward increasing stroke incidence at younger ages were recently reported from the United States. 7 Another UK study 10 found a leveling off in the decline of stroke mortality among younger middleaged adults, particularly in men, with increasing obesity rates from the early 1980s suggested as one contributing factor. Although we found no indication of a leveling off in mortality at any age in our data set, the persistent increase in incidence of IS in the young coincides with increasing rates of obesity 11 However, with respect to the incidence of IS, it is still unclear why trends in Sweden differ according to age and why rates in Sweden are decreasing, in contrast to the stable trends found in the Netherlands, 6 a country with many similarities to Sweden.
Stroke is a heterogeneous disease with respect to cause. Hemorrhagic stroke and IS do not share the same risk factors, 12 and there are also various types of IS, such as largevessel, small-vessel, and cardioembolic strokes. 13 However, high blood pressure and smoking are risk factors, irrespective of the type of stroke, whereas the relationship between blood lipids and stroke is more complex. [14] [15] [16] In the present study, we focused on IS, which forms the majority of all stroke cases in Sweden, to avoid some of the issues concerning causal and pathophysiological heterogeneity.
There have been significant changes in cardiovascular risk factors in Sweden during the period we studied. 11, 17, 18 A decrease in serum cholesterol levels contributed, to a large extent, to the marked decline in coronary heart disease mortality observed in Sweden since the 1980s, 19 but because the relationship between serum cholesterol and the overall incidence of stroke is not straightforward, it is unlikely to be a major factor, but could still reflect, or be a marker for, other changes in dietary habits, such as intake of fruit 12, 20 or less salt. Decreasing smoking rates would also have contributed to the decline in coronary heart disease mortality. 11, 17, 18 The prevalence of hypertension decreased from 1990 to 2010, 21 as did the use of antihypertensive treatment and the proportion of people reaching treatment goals. A diagnosis of hypertension among the hospitalized subjects of our sample became increasingly common. However, this was probably more in recognition of the importance of hypertension as a contributor to stroke, as well as a less strict definition of hypertension, rather than reflecting a real increase.
Although it is likely that reduction in smoking and blood pressure, as well as better antihypertensive treatment, contributed to the marked decrease in the incidence of IS observed in elderly people, the continuous increase in this incidence in younger subjects is more difficult to explain. Because stroke is rare among the young, risk factors in this age group have not been extensively studied. However, causes not related to atherothrombotic disease are probably more common than among older patients. 22 Nevertheless, the burden of cardiovascular disease risk factors has been shown to be high in young stroke victims. 23 Although there have been favorable developments with respect to several risk factors, increasing obesity rates in young and middle-aged people may have had an adverse effect.
Strengths and Limitations
There are a few limitations, as well as some strengths of our study. Strengths include a near-complete ascertainment of all hospitalized stroke cases in an entire country during a long period, permitting analyses in young people where stroke is rare. Limitations include the use of data collected for administrative purposes, where current validity of stroke diagnoses and comparability with earlier data may be in doubt. Similarly, the comparability across time of contributory diagnoses, such as diabetes mellitus or hypertension, may not be certain. Validation of stroke diagnoses in the IPR has led to varying conclusions, 8, [23] [24] [25] with 1 study showing up to one third false-positive stroke diagnoses. 24 However, because a proportion of these were former stroke cases that were classified as new stroke cases and our cohort represents incident cases, recurrent stroke is unlikely to explain the large reduction among the old. Because stroke is rare among the young, large populations are required, which precludes the use of more carefully ascertained and characterized clinical populations. Although we used the entire Swedish population, the number of cases each year among people aged <45 years was low, with substantial random variation. Regardless, we were able to demonstrate a significant annual increase in IS throughout the 24-year period. Better diagnostic methods could increase detection; however, this mechanism should not operate only in the young.
Conclusions
In conclusion, the incidence of IS in Sweden in elderly people, in whom most cases occur, seems to have peaked and is now decreasing, whereas the decline in middle-aged people is much less steep. The incidence of IS is increasing in the youngest part of the population. Although young people represent a small proportion of all stroke cases, this is worrying, but might at least partly be caused by detection of smaller strokes. An alternative explanation may be the same factors that lead to increasing obesity rates. If this trend is carried forward as these young cohorts become older, this would mean an increase in human suffering and put additional strain on limited resources for a disease that is largely preventable. Accordingly, further steps to prevent stroke, a major risk of disability in adults, are required.
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